Novel chimeras of botulinum neurotoxins A and E unveil contributions from the binding, translocation, and protease domains to their functional characteristics.
Hyperexcitability disorders of cholinergically innervated muscles are treatable with botulinum neurotoxin (BoNT) A. The seven serotypes (A-G) potently block neurotransmission by binding to presynaptic receptors, undergoing endocytosis, transferring to the cytosol, and inactivating proteins essential for vesicle fusion. Although BoNT/A and BoNT/E cleave SNAP-25, albeit at distinct sites, BoNT/E blocks neurotransmission faster and more potently. To identify the domains responsible for these characteristics, the C-terminal heavy chain portions of BoNT/A and BoNT/E were exchanged to create chimeras AE and EA. After high yield expression in Escherichia coli, these single chain chimeras were purified by two-step chromatography and activated by conversion to disulfide-linked dichains. In vitro, each entered neurons, cleaved SNAP-25, and blocked neuromuscular transmission while causing flaccid paralysis in vivo. Acidification-dependent translocation of the light chain to the cytosol occurred more rapidly for BoNT/E and EA than for BoNT/A and AE because the latter pair remained susceptible for longer to inhibitors of the vesicular proton pump, and BoNT/A proved less sensitive. The receptor-binding and protease domains do not seem to be responsible for the speeds of intoxication; rather the N-terminal halves of their heavy chains are implicated, with dissimilar rates of cytosolic transfer of the light chains being due to differences in pH sensitivity. AE produced the most persistent muscle weakening and therefore has therapeutic potential. Thus, proof of principle is provided for tailoring the pharmacological properties of these toxins by protein engineering.